of 
PHYSICAL MEDICINE 


Official Journal American Congress of | Ay sical Medicine 


(Formerly Archives of Physical Therapy) 


EDITORIAL BOARD 
EARL C. ELKINS, M.D FRED B. MOOR, M.D 


Rochester, Minn Los Angeles, Calii 


RICHARD KOVACS, MD WALTER M. SOLOMON, MD 
New York, N.Y Cleveland, Ohio 


ARTHUR L. WATKINS, MD 
8 


Massachusetts 


Copyright, 1950, by The American Congress of Physical Medicine 


28th Annual Session 
AMERICAN CONGRESS OF PHYSICAL MEDICINE 
August 28, 29, 30, 31, September 1, 1950 


HOTEL STATLER BOSTON 


VOLUME XXXI JUNE, 1950 NO. 6 


; 


American Congress of Physical Medicine 


28th Annual 
~ Scientific and Clinical Session 


and 


Instruction Seminar 


August 28, 29, 30, 31, Sept. 1, 1950 


Official Headquarters 


HOTEL STATLER 
Boston, Massachusetts 


FXECUTIVE OFFICES 


© NORTH MICHIGAN AVENU! CHICAGO 2, ILLINOIS 


bis 
r\ 


INSTRUCTION SEMINAR 
In Conjunction with the 
28th Annual Scientific and Clinical Session 


AMERICAN CONGRESS OF PHYSICAL MEDICINE 


August 28, 29, 30 and 31, 1950 
HOTEL STATLER BOSTON, MASS. 


| Physicians and registered physical and 
Physicians only may enroll for letter occupational therapists may enroll for 
numbered series 
MONDAY AUGUST 28 
10:00-10:50 A.M. Q@) AM 
| Recent horm nal in Recent hormonal in 
| vestigations in rheu | vestigations in rheu 
| matoid arthritis matoid arthritis 
| Parlor C Parlor C 
Corbin Corbin | Polley Polley 


MONDAY MORNING — AUGUST 28 
(A) 10:00-10:50 AM 11:00-11:50 A.M.) 
Neuro-anatomy of the Neuro-anatomy of the) 
brain and spinal cord | brain and spinal cord | 


Parlor B ' Parlor B 


MONDAY AFTERNOON — AUGUST 28 MONDAY AFTERNOON — AUGUST 28 
(Cc) 3:00-3:50 PM. | (D) 4:00-4:50 PM. | @) 3:00-3:50 P.M (4) 4:00-4:50 P.M 
Pathologic physiolog Pathologic physiolo: Physical Medicine in The clinical use and 
of lesions of the brain | of lesions of the spinal | | rheumatoid arthritis, in dangers of microwave 
(types and localizations | cord (localization of le- the light of the new | Parlor C 
producing motor dis- | sions, including polio- treatment 
turbances) | myelitis) Parlor C 
Parlor B Parlor B | 
Karnos Karnosh | Clark Rae 
TUESDAY MORNING — AUGUST 29 TUESDAY MORNING — AUGUST 29 
(F) 8:30-9:20 AM (PF) 9:30-10:20 A.M. || (5) 8:30-9:20 AM. (6) 9:30-10:20 A.M 
Pathologic phy sioly The physiologic effects || Analysis of pathologic | Resistive exercises in 
of peripheral nerve le- of heat gaits, and gait training | treatment of poliomye 
sions, including the Parlor B | Parlor C | litis 
neuritides Parlor C 
Parlor B 
De Lorm Bierman | Deaver ! Schram 
WEDNESDAY MORNING — AUGUST 40 1] WEDNESDAY MORNING AUGUST 40 
(G) 8:30-9:20 A.M. | (H)  9:30-10:20 A.M.|| (7) 8:30-9:20 AM (8) A.M 
Technic of mdical Technic of medical || Useful mechanical de- Exercise in the treat- 
writin’ writine vices used in Physical ment of asthma 
Parlor B Parlor B Medicine and Rehabili- | Parlor C 
| tation 
Parlor C | 
Hamm ond Hammond Russek Baker 
THURSDAY MORNING AUGUST 341 | THURSDAY MORNING AUGUST 41 
8:30-9:20 AM. | (K)  9:30-10:20 A.M.| (9) 8:30-9:20 AM. (10) 9:30-10:20 AM 
Physics of muscelar Physics of muscular || Indications for ortho- Disabilities of the 
action | pedic reconstruction in shoulder 
Parlor B Parlor B i] poliomyelitis Parlor C 
Parlor C 
Lion Jj i} Green Kottke 


The Committee « of the American Congress of Physical Medicine ts in charge 

netruction seminan ] r posely d to limit the subjects im any year to a few topics in order 

devote enough time to ¢ subs to give those attending a good review, both from the ste — net 
basic knowledge and from the climcal standpoint. Certain groups of these subjects will be eepeated ever 
three to five years 

Courses will be offered in two separate groups: One up of ten courses will be offered 
on basic subjects and this group ll be open only to physicians. A second group of ten 
courses will present more general and clinical subjects. Physicians and therapists ma 
register for the second group of courses. Only those therapists registered with the Ame 
can Registry of Physical | Technicians or the American Occupational Therapy 4 
ciation will be permitted to emroll for the instruction courses. The charge for a single lec. 
ture is — for a ) fall echedule of ten lectures, 615.00. 


For full information and application form pare 


AMERICAN CONGRESS OF PHYSICAL MEDICINE 
30 North Michigan Avenue Chicago 2, Illinois 


| | 


SECTION ON 
PHYSICAL MEDICINE AND REHABILITATION 
AMERICAN MEDICAL ASSOCIATION 


Meets in Hall 1, Masonic Temple 
SAN FRANCISCO, CALIFORNIA 
June 28, 29 and 30, 1950 


OFFICERS OF SESSION 


Chairman: Frank H. Krusen, The Mayo Clinic, Rochester, Minnesota 

Vice-Chairman: George M. Piersol, University of Pennsylvania, 
Philadelphia, Pennsylvania 

Secretary: Howard A. Rusk, New York University College of Medi- 

cine, New York, New York 


WEDNESDAY, JUNE 28th 2pm 
Practical Aids in the Rehabilitation of the Hemiplegic LEONARD J. YAMSHON, 
College of Medical Evangelists, Los Angeles, California 
\p lication of Muscle Physiology to Therapeutic Exercise DONALD J ERICKSON 
and KHALIL G. WAKIM, The Maye Clinic, Rochester, Minnesota 
Comprehensive Physical Medicine for Degenerative Joint Disease. WALTER M. 
SOLOMON, Western Reserve University Medical School, Cleveland, Ohio. 

Place of Trihexyphenidy!l and Mephenesin in Spastic Disorders. WARD SCHULTZ, 
(by invitation) and ABRAHAM EFFRON, New York University College of Medicine. 
New York, New York 

The Community Rehabilitation Center and the General Practitioner. ARTHUR C. 
JONES, University of Oregon Medical Schoo!, Portland, Oregon. 

Medical Physics, Physical Medicine and Rehabilitation WALTER J. ZEITER; 
SHELBY G. GAMBLE. and OTTO GLASSER, Ph.D., (by invitation), Cleveland Clinic 
Foundation, Cleveland Ohio 

\ Study of the Adjustment of 500 Persons Over 16 Years of Age with Disabilities 
Resulting from Poliomyelitia GEORGE G. DEAVER, New York University College 
of Medicine New York Nev York 


THURSDAY, JUNE 29th: 2 p.m. 
lection of Officers 
Chairman's Address 
The Scope and Future of Physical Medicine and Kehabilitation. FRANK H. KRUSEN, 
The Mayo Clinic, Rochester Minnesota 
Ph ye al Medicine and Rehabilitation in Medical Education HOWARD A. RUSK, 
New York University College of Medicine, New York, New York 
Retraining Patients with Brain Damage JOE R. BROWN, The Mayo Clinic, 
Rochester, Minnesota 
Amputee Rehabilitation \S ( AN Commander, MC, U Navy, U. S. 
Naval Hospital. Mare Island, Vallejo, California 
Intermittent Treatment of Poliomyelitis with Progressive Resistance Exercise 
SEDGWICK MEAD, Washington University Schoo! of Medicine, St. Louis, Missouri 
The Concept of ‘Acceptance’ in Physical Rehabilitation. MORRIS GRAYSON, New 
York | niveraty ( ollege of Medicine, New York, New York. 


FRIDAY, JUNE 30th: 2 p.m. 
Symposium on Physical Medicine and Rehabilitation for Paraplegics. 
Urological Aspects of Rehabilitation in Spinal Cord Injuries. ERNEST BORS, (by 
invitation). Birmingham V. A. Hospital, Van Nuys, California 
Neurosurgery in the Rehabilitation of Paraplegics JOHN D. FRENCH, (by invita 
tion), Birmingham V. A. Hospital, Van Nuys, California 
Reconstructive Surgery in Spinal Cord Injuries A. ESTIN COMARR, (by invita 
tion), Birmingham V. A. Hospital, Van Nuys, California 
Physical Treatment and Rehabilitation of the Paraplegic Patient. HAROLD 
DINKEN, University of Colerado, Denver, Colorado 


{ 
. 


Contents—June 1950 
Volume XXXI No. 6 — 
ARCHIVES OF PHYSICAL MEDICINE 


(Formerty Archives of Physical Therapy) 


30 North Michigan Avenue, Chicago 2, Illinois 


Original contributions, exchanges and book« 
fo review should be forwarded to the Edi. 
torial Office. All business matters inclucinc ORIGINAL ARTICLES 


advertising should be handled through the 
Executive Office, 30 N. Michigan Ave, Chi 


2, It The stat t » th ana 
Any published The Latent Period of Muscular Contraction. Alexander 
Meovictwe are made solely on the responsibility Sandow, Ph.D. 367 


of the author. The American Congress of 
t stat tained ¢ " 
ie Aacuwes The Use of Electromyography in the Diagnosis of Neu 
uYsicat Mepictwe are for exclusive pub romuscular Disorders O. Leonard Huddleston, 
ication and muy act be published cleewhere D.; James G. Golseth, M.D.; Alberto A. Mari 
OFFICERS nacei, M.D., and Elizabeth Austin, M.D 378 
American Congress of Physical Medicine 
EARL C KINS, M.D, 


Rochester, Minn., President. Care of Upper Extremity Paralysis in Poliomyelitis 
ARTHUR “WATKINS, 
Kristian G. Hansson, M.D. 
ROBERT L. BENNETT, M.D., H 
Warm Springs, President 
so 
WALTER President. The Effect of Paralysis of One Lower Extremity on 
WILLIAM 8. R Snow, Bone Growth. Preliminary Report. Glenn Gul- 
ew ird Vice-President. > 
PAUL’ lickson, Jr.. M.D.; M. Olson, B.S., and F. J. Kort 


lowa City, Iowa, Fourth Vice-President. ke, M.D. 392 5 
HOWARD A RU Sk, M. 
ew Yor NY Vieo 
HAR! Secretary. A Progressive Resistance Exercise Apparatus for Phys 
FRANK "KRUSEX, M.D., ical Rehabilitation of Patients with Amputations, 


Rochester, Minn.. Treasurer 
WALTER | ZEITER, MD. Fractures and Paralyses of the Lower Extremity 


Cleveland, Executive Director Fritz Friedland, M.D., and Marilyn M. Couture, 
MARION G. SMITH, B.S., P.T. 
Chicago, Executive Secretary 


EXECUTIVE COUNCIL 


O. Leonard Huddleston, M.D., 
Santa Monica, Calif., Chairmen 
lorman FE. Titus, M.D., Downingtown, Pa, 
Secreta 
William Bierman, M.D., New York, N. Y. Medical News 406 
Roy W. Fouts, M D., Omaha, Nebraska. 5 
Kristian G. Hansson, M.D., New York, N. ¥ 
John Severy Hibben, M.D., Pasadena. e 
— R. Hollender, M.D., Miami Beach, 


401 


H. Worley Kendell, M.D., Chicago. 
Miland E M.D, Minneapolis, Minn Editorials 409 
Disraeli Kobak, MI Chicago. 


Frank H. Krusen, D., Rochester, Minn. 
wey S. McClellan, M.D., Saratoga Springs, 


os Angeles. 

William chmidt 

Frederick L. Wahrer, M_D., own, Ta Book Reviews 

Ear! C. Elkins, M.D., Rochester, Minn., Ex- 


Officio. 
EMERITUS bad 
Disracli Kobak, Chleage. 


Subscription In the Talted 

yp Physical Medicine Abstracts 415 
$14.00 the yean 

Advertising rates on application Al! sdvertising copy 
subject to acceptance by committee 
COPYRIGHT: Matter ing in the ARCHIVES 

OF PHYSICAL MEDIC te covered by coprngnht 
Permission will be granted on request for reproduction 
im reputable publications if proper credit is given 


Reproduation for commercial purposes will mot be EDITOR OF THE MONTH 
perm. 

Entered as Secomd (lees Matter, February 15, 1945 


Los Angeles, Calif. 


at the Post Office at (Chicago. Dlinois, under the 
Act of March &. 1879 


Printed in USA 


-| 


PHYSICAL MEDICINE ** 
The following services are approved by the Council on Medical Education and Hospitals of the Ameri- 
can Medical Association and the American Board of Physical Medicine and Rehabilitation. Residen- 
cies in thie specialty have been approved without specifying the number of years for which they are 
accredited The Board will give appropriate credit for training in these hospitals on an individual 


Lace 


Hospitals, 42 Assistant Residencies and Residencies, 55 


© 
SE 
te 
aE “33 


Verted States Army 

Veterans Admictetration 

Veterans Admin Heepital' 


Mont derat 
los Angeles County Hoxpitale' ‘ est 1 Varie $165 
Vhite * Angele F. B. Moor 120.0 
tar University Hoepitaleg’ WH. Nerthway 6,53 
‘ ‘ * HT her 22 75 


NEW DIRECTORY 


of the 


AMERICAN REGISTRY of 
PHYSICAL THERAPY TECHNICIANS 


Address All Communications to 
AMERICAN REGISTRY OF PHYSICAL THERAPY TECHNICIANS 
30 N. Michigan Avenue Chicago 2, Illinois 


= 
ig 
€ 
1/1, 7/1 n 
V eters I L. Newman 6.062 472,960 1/1, 7/1 n 
\ j New ca 1.167 49.81 i 
Pra Mu Friedland 000 24.0 TA 
\ ‘ " Mea 920 2 1 n 
York Ha er 1,61 279,817 v/1 
\ | Zanke 2.452 106,004 n 
Veterans Admin. Hospital ‘ Pa BMachaves 199 62.792 1 T/1 n 
foes * ae Kobak t/t, 7/1 
“ * O. Molander 1 40 19 44 Varies 
* Ciry, Ke t. Ree 11,684 sua 1 7/1 00 
Mir F HM. Krusec Varies 92.4 
New ¥ New Y k CH 
* York (vt 799 «124,357 
* New York 1 Weiss 9 1 49 00 
1 ‘ * York K. Harpuder 
* York City Riermar 60 
New York 7 York kK ford. 26.418 
tlreshyterian Hoapital @' k Cit Snow 191,071 41 ee 
York Mulle: 1202 128904 1 ca 
Haverstraw, N.Y. M. Hobermas 291,11 00 0 
‘ H (jamble 17 88 17 7/1 125 0 
Wis * nr ar 45 840 
i 
— 


WESTERN SECTION 


AMERICAN CONGRESS OF PHYSICAL MEDICINE 


LETTERMAN GENERAL HOSPITAL 
PHYSICAL MEDICINE CONFERENCE ROOM 
SAN FRANCISCO 


Sunday, 


Frances Baker, M.D., Chairman 
Clarence W. Dail, M.D., Secretary 


9:30 Registration. 


10:00 Principles of Muscle Dynamics: H. J. Ralston, Ph.D 
Principles of Muscular Action: Verne T. Inman, M.D 
11:30 Business Meeting. 
Consideration of future plans. 
12:00 Luncheon. 
2:00 to 4:00 — 


Diagnostic Methods in Neuromuscular Disease: Col. A. E. White. 
1. Use of the Electromyograph — Evaluation of Results. 
2. Use of the Neuro-Dermometer — Evaluation of Results. 
Patients and material to be presented by Col. White and staff. 
Discussion: James C. Goleeth, M.D. 
S. M. Dorinson, 
Verne T. Inman, M.D 
Although definite plans cannot be made at this time it is expected that certain leaders in 
prvetes medicine and rehabilitation will be present and will participate in the program. it should 


noted that the American Rheumatiom Association and the American Medical Association meet 
just before and after this program. 


SUMMER OPPORTUNITIES AVAILABLE 


WANTED—Group clinic tong established in » e of 
200,000 seeks physiatrist: should be 
head department. sew clinic buliding complete 


modernty equipped. silary or percentage. 

VA A ION RE IEF WANTED —(a) Registered physical therapist general hospital 
C I L attitiated with eighteen-man clinic, allt American Goard 

spectaliets. town of 56.009. Rocky Mountain state 

take charge of department. fairly targe 

Great demand for vacation relief te hole of public 

system large city of West, university medical center (@) 

for qualified therapists. Three physical therrpists: large hospital affiliated with 

versity medical seheot East (e) Chief physical ther 


aod. alee. assistant. 309-bed geseral hospital, Middle West 
For full information write 


— 
American Registry of 
Physical Therapy Technicians major trained 


30 N. Michigan Ave Chicago 2, Ulinois Lacon. Mediont 


HE June 25, 1950 

z 

4 
> 
¥ 4 
| 

of eleven therapiete 
conditions university medical 
preferably one 
peedures 


D0 YOU WANT THE BEST 


with economical cost? 


This is the quality line of 

short wove diathermy. Choice 

of three F.C. C. approved models 

of crystal controlled or non-crystal 

controlled units. The highest in per- 
formance at a reasonable price 


The most complete line of 

ultra violet generators for the 

doctor or hospital. Body and local- 

ized irradiation, intracavity irradiation 
and air sterilization 


An electronic low voltage 

wave generator with all fun- 
damental currents, true “slow sinus- 
oidal” Automatic polarity reversal at 
each alternate impulse. Offers all 
practical therapeutic wave forms 


For full information — and 
free trial without obligation 
— write Dallons Laboratories 
for the name of your local dealer. 


DALLONS LABORATORIES 


5066 SANTA MONICA BOULEVARD + LOS ANGELES 27, CALIFORNIA 


APPARATUS FOR PHYSICAL MEDICINE | 
| 
COMPLETE LINE 
| 

AGEs 
Cc 
| Dalton 


THE LATENT PERIOD OF MUSCULAR CONTRACTION * 


ALEXANDER SANDOW, Ph.D. 


NEW YORK 


a short time interval passes before the muscle begins to develop tension 
This interval is the mechanical latent period or, briefly, the latent period 
(LP) of the muscle’s response. In frog skeletal muscle the LI’ has a 
duration of about three milliseconds. So short is this time lapse that until 
recently a great part of the research on this phenomenon extending back 
almost a century dealt merely with the question of its existence, for many 
investigators believed that the LI’ was an artefact due to inertia in response 
of the recording apparatus 
This question was essentially settled in 1922 by Rauh’ who studied the 
LP by means of an extremely hght and sensitive optical myograph. Not 
only did he validate the view that the LP really exists, but, more important, 
he found that the stimulated muscle actually relaxes very slightly during the 
latter half of the LP. Obviously, the latent pertod cannot be an artefact, 
since the muscle must first pass through this initial relaxation, or elongation 
stage, before the onset of its characteristic tension development. Rauh’s 
discovery, however, was generally neglected, and the old controversy con 
cerning the existence of the LP continued unabated 
About ten years ago I began my own research on the LI and decided that 
it would be fruitful to apply modern electronic methods to this problem and 
to the recording of contraction in general. The resultant studies have afforded 
ample verification of Rauh’s original observation, But, more significantly, 
they have shown that the LIP short as it ts and minute as ts its relaxation 
phase may be used as a sort of “peephole” through which one may look 
into the whole of a muscle response and gain some insight into the funda 
mental mechanisms of muscular behavior. Vhe development of our research 
has led to results’? pointing in two directions: one, toward the elucidation of 
mechanochemical coupling, that is, the means by which chemical potential 
energy is transferred to the contractile units for conversion into tension and 
work; the other, toward the clarification of excitation-contraction coupling, 
that is, the mechanism by which excitation processes in the muscle membrane 
may be linked to the mechanical activation of the inner contractile material 
\ block diagram of our electron-myographic apparatus is presented in 
figure 1. A muscle, M/, generally the frog sartormus, is supported at its lower 
(pelvic) end inside a muscle chamber, C, which, for temperature control, is im 
mersed in a constant temperature water bath. The upper (tibial) end of the 
muscle is connected under a few grams resting tension to the stylus, S, of a 
piezoelectric pick-up, P, which ts a common type of phonograph crystal pick 
up. When the muscle is stimulated (Sf, stimulator) by delivery of an electric 
shock through the electrodes placed at the muscle ends, the resultant muscula: 
tension changes are converted by the pick-up into a corresponding electric pulse, 
* From the Department of Biology, Washington Square College of Arts Science, New York University 
This research has been supported by grants from the Penrose Fumi of the American Philosophical Society, 
and it is now going on under contract between the (itfice of Naval Research and New York Universit 
Some of the experiments were done in collaboration with G. and others with Mr. A 
— Read at the Twenty Seventh Annual Session of the American Congress of Physical Medicine, Cincia- 
nati, Sept. §, 1949 
1. Rauh, F.: Ztschr. Biol 76:26, 1922 
(a) Sandow, A J. Cell. & Comp. Phymol 1944; (6) Ann. New York Acad. Se. # 


(3) 183 194 (<) Year Hook, Am. Philosophical Soc 182, 1944 id) Amn. Niw York Acad Se. 6 
(¢) Sandow, A., and Kahn, A. Fed. Proc, 
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MUSCULAR CONTRACTION SANDOW 


R can be recorded with an error of 5-10 per cent. In effect the apparatus 
acts as an electronic lever, and, since an actual LR length increase of 0.1 
micron, may be represented on the cathode ray screen by a deflection of about 


Typical photographic record of tem period mechanical changes 
modulated by a 16,000 cles per second timing wave, 
beginning o ‘ ord at extreme left ts comcndent 

t of stimulation for turther detaii«e Upper band 

corner micates the 1 tal tension of the muscle lower 

peak twitch tensior 

sured f which the relevant ones here are la, the time from instant 


diagram gives all paramenters 


simulation to beginmng of | ney relaxaton i, « similar tome to 


beginning of positive tension development (i. «, the usual latent period of 


the mechanical response); A, the depth of the latency relaxation 
10 em., the length-magnification factor of this lever is 1,000,000 * Ordinary 
optical myographs operate with a magnification factor, at most, of about 
0)» Hence the electronic myograph is 2,000 times as sensitive as the 
optical 
\ considerable amount of work in my own laboratory has demonstrated 
directly that the LR is not an artefact Further evidence that this is so, 
and that, therefore, the LR represents some fundamental muscular response, 
is indicated in the recent results that a transient increase in transparency 
and, evidently, a rapid outburst of heat® occur in a stimulated muscle con 
comitant with the LR. These various findings and others might be men 
tioned,’ clearly prove that during the latter part of the latent period, i. e., 
during the LR, the contractile material is undergoing some radical alteration 
that is concerned with transforming it from a state of rest to a state of con 
traction 
It should be emphasized that neither our own experiments nor those of 
others enable us to conclude definitely just what this transformation is. 1 
should like to discuss, however, some of my own research that sheds some 
on this difheult problem 
\s a necessary preliminary to this discussion it is desirable to outline 
some of the current views concerning possible mechanisms of contraction 
as derived from studies of muscle extractives. The essential contractile sys 
tem seems to be composed of two principal components, The first of these, 
the contractile material, is the fibrous protein, actomyosin,’ which is found 
in muscle as bundles of filaments with their long axes parallel to that of 
Fed. Proc, (1):187, 18 Footnote 2a and 4 
Physiol, 108:292 
Pro« Roy sac 342 i649 
M.: Experientia 3 


(a) Seent-Gyorgys, A Chemetry of Muscular Contraction, New York, Academic Press, Inc., 
(+) Sandow, A Ann. Rev. Phymol. 11:297, 1949 
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the muscle fiber The second component is the nu leotide adenosinetriphos- 
phate, which evidently serves as the direct source of energy for the con- 
tractile material. A notable advance as to the possible mechanism by which 
hese react } tracting 1 le was made by Engelhardt,” who found 
that the myosin part of actomyosin (or some other protein strongly adsorbed 


n enzyme. specifically catalyzing the dephosphorylation 


n the myosin) t an 

f the terminal phosphate group of denosinetriphosphate and thus releasing 
+t 12.000 small calories for each mole of phosphate split off It is gen 
erally presumed that this enzymic reaction, t e€ of mvosin acting as ade 
nosinetriphosphatase, is the means by which actomyosin ts energized for its 
ontractile activit Thi iew is strengthened by the fact that actomyosin 
filer in from a solution of this material after extraction from muscle, 
react mechanically in the process of interacting with adenosinetriphosphate 
tr} Engethardt® observed that threads of the contractile material relax 
nt presence of adenosinetriphosphate while Szent-Gvyorgyt,’ working un 
different nditions. found that actomvosin fibers contract: un 


nfusing that in the presence of adenosinetriphosphate 


It may seem 
ictomvosin, depend nditions. will either contract or relax. But it 
must be remembered that in a cycle of activity a musé le also contracts and 
relaxe nd thus at explanation of a muscle response must account for 
net or ts upacity to develop tension but also its ability to relax and, 
ndeed. to do so in its precontractil latency relaxation as well as in its post 
niractil relaxat 1 he nt that should he emphasized here Is that 
i rctomvosin at vider inetriphosphate, which tew doubt are kev substances 
t ' Ived in the mechanical activity of live muscle, comprise a me 
} hemteca ste e their interaction. generally speaking, involves 
hems le idenosinetriphosphate with associated energy 
iber na re alteration of actomyvosin the problem of 
m lat tracts ‘ewed from the standpoint of the results of study of 
scle ext t ‘ mes roblen f the mechanochemistry of the acto 
i enosinetriphosphate ntractile system (Engelhardt™) ; and within 
; this context loot large the adenosinetriphosphatase action of myosin. Put 
soather wav. it mav be stated that the mechanochemi al problem of muse ular 
ntraction is rooted in the property that myosin ts a contractile enzyme 
lespite the attractiveness of the mechanochemical findings and their 
ipparent pertinence the tual mechanism of contraction, it has vet to he 
hown how these results. if at all, apply to the physiologic behavior of muscle 
ly lor interest the tent period stems from the view that its LR sig 
rive me feature f the 1 l response to a stimulus of the actomvosin 
iden etriphospha syster that study of this phenomenon might 
therefore hel ne t oderstand the fundamental process by which muscle 
1 for ntractile trvit I will now discuss some experimental 
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latent period The PH variable is of mterest because m vitro 


decomposes substrate more 


that an-acenosinett phatase 


apidly th wher the pH lience. if the action of this enzyme system occurs 
TAL the latent 1 1 nection with the activation of the contractile 
' for nment. one should expect that increasing the pH 

t} recelerating the rate of breakdown of adenosine 


d onset of tension which would be re 
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flected in a shorter latent period. Figure 3 shows that the expected variation 
in the latency time paramenters does occur. In these experiments a frog sar 
torius muscle was adjusted to a series of different fH’s by equilibration with 
a corresponding series of bicarbonate buffers. It is clear that the higher the pH, 


the smaller are the latencies, and this result is consistent with the view that, 


a 

@ 


i 
6.0 


Fig. 3 The effect of PH on the latency paramcters (which 
are defined im tyure 2) Times ar given in milliseconds, » 
Note that, although the variation o is not 


weed oom the 
text, this paramenter mereaves with merease 


the range 
trom te 


at least during the latent period, the myosin-adenosinetriphosphatase goes into 
action as a preliminary to the subsequent activation of tension output 

If the hydroylsis of adenosinetriphosphate is taking place during the 
latent period, then it becomes important to search for independent proof that 
the specific enzyme for this reaction, myosin, is involved in the process 
Certain experimental effects of temperature on the latency behavior suggest 
that this is so. Figure 4 presents the variations in the latent period para 
meters as a function of temperature over the range from 10 to 40 CC. The 
general decrease in the time variables with increase in temperature probably 


4.0 
3.8 
3.0 
2.5 
2.0 
1.5 j 
100 
| 
3 e 
60 
40 
20 
6.0 7.0 


AL. MEDICINE 


reflects the hemical reactions 1. €., espe 
denosit phat responsible for in 
to call attention to 

latency relaxation. Note that as 


| 
| 
| 
| 


temperature ses and then falls 


S Varit tor 


leads 
seem od | 
very nul 


mvosin 8 a 


ssoctated with the for 

series of temperature 

LK In these exper 

t temperature of 25 

a Kinger solution bath at a 

relatively high temperatu a ; ten minutes. When 
the muscle is restored to nnal | ul ’. it is found that the 


it 
72 ARCHIVES OF PHYS! ( June, 1966 
ér 
r & 
j 
5} 
| 
. 
°r 
~ 
. > 
; . 
ke = 
j 
| 
> 
| 
a 
y 
> 
> 
‘ 
af 
| 4 4 4 — 
io 2 40 
ilso have their maxinun at an optunum temperature which he 
: midpomt of the range { temper ' vhich thew are active | 
i one to mfer that the latency relaxatiun ; echameal retlection of 
tivity of an robably ‘ sinetriphosphatase It may i 
t mechanical hanvge with action but this the 
of our approach to the study of tract since it seems that 
contractile enzyme 


MUSCULAR CONTRACTION SANDOW 74 


depth of R is considerably and irreversibly reduced, and this decrease m A’ ts 
called the irreversible inactivation of the LR. If this procedure is repeated a num 
ber of times, each exposure to the high temperature causes further inactivation of 
the LR until finally the muscle becomes completely irresponsive. Figure 5 illus 
the results of such tests performed at three different temperatures. It 

« seen that at each temperature, the degree of inactivation of the LR _ 
the decrease in R increases as a fairly linear function of the number 
minute inactivation periods; and it is further obvious that the higher 
myperature the greater is the rate of inactivation as measured by the aver 
slope of each mactivation curve If now the rate of imactivation at each 


perature studied ts plotted agaist the temperature, the graph shown in figure 
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NUMBER OF INACTIVATION PERIODS 


hig. & The effect on NH of exposure to a series of ten 


high temperature Temperature 


centigrade 


6 is obtained. It should be noticed that at, and below, 37 C. no irreversible 
inactivation oceurs and that above this temperature the mactivation rate 
increases, first slowly and then extremely rapidly, especially in the narrow 
range at about 40 C. The temperature coefficient of this process, expressed 
as a ©... value is. at about 38 to 39 C., of the order of several thousand. It 1s 
finally, noteworthy that at about 41 C. the rate of trreversible imactivation ts 
<o great that an exposure of only a few minutes is enough to suppress the LK 
ompletely, and, for that matter, the whole of the muscular response 

Now, these results are significant, for they are almost exactly jual lel to 
Mirsky’s findings® of the heat denaturation of myosin extracted from froy 
muscle, We found that denaturation begins at 37.5 C., imereases very ray 
idly over the next few degrees, with a Q,, of about 1,000 at 385 ¢ Toe 
almost instantaneous at 41 ¢ These thermal features of the tmactivation 
of the LR and the denaturation of myosin are so similar that it is reasonable 
to assume that the LR is determined by some action of myosin in the intact 
muscle 

Summarizing our various pH and temperature studies, it seems be om 
dicated that during the latent period (1) adenosinetnphosphate is being split 


2) an enzyme is involved, and (3) myosin ts involved. We theretore inter 
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L\KCHIVES OF PHYSICAI 
! the mvosin-adenosinetriphosphatase enzyme system ts active during the 
latent period. From this one may hypothesize that when a muscle is stim 
1 sewn wnsequence of the excitation process permits myosin-adenosine 
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substrate complex between myosin and adenosinetriphosphate. At any rate, 
is the reaction between adenosinetriphosphate and myosin goes on, adeno 
smetriphosphate is dephosphorylated and the energy thus released is imme 
diately taken up by the actomyosin, which is thus made able to contract 

It will be noted that in the preceding description of our hypothesis of 
mechanochemical coupling in the living muscle, elements only of the con 
tractile system have been mentioned. The question that now arises is: What 
is the mechanism by which the contractile system is coupled to the excitatory 
events of the muscle fiber membrane which are set in motion as an immediate 
consequence of stimulation? This is one of the most difficult problems in 
muscle physiology, and very little research has been done on it (see, how 
ever, recent papers by Kuffler’ and Hill"). 

Rather unexpectedly, some current experiments dealing with the effect 
of the potassium ion on the LR tend to elucidate this problem.* A brief 
preliminary discussion of some of the results will be given here. In these 
studies the test muscle is first equilibrated in Ringer's solution and its nor 
mal twitch behavior following maximal stimulation is recorded, The muscle 
is then immersed in Ringer's solution enriched with potassium ions by ad 
dition of a suttable quantity of potassium chloride, and as it soaks in this 
experimental solution, its behavior is registered at appropriate intervals for 
two hours. In the experiments to be reported here, all shocks applied to 
the potassium-treated muscle are of maximal strength as determined for the 
normal tissue 

Figure 7 presents some results obtained with a solution consisting of 
23.0 mg. of potassium in 100 ce. of Ringer’s solution, which contains about 
three times the normal concentration of potassium. It will be noted that 
within the first five minutes, RX, the depth of the LR, increases to about 200 
per cent of normal and, after maintaining this level for about thirty minutes, 
it then falls so that at the end of the two hour period it has returned to about 
normal. The peak-twitch tension output, T, shows a goughly similar series of 
changes, although the greatest increase is only about 12 per cent greater than 
normal. As for the magnitude of the action potential, represented by A, this, 
instead of increasing at first, as do RX and 7, starts immediately to decrease and 
it 1s practically obliterated at the end of two hours. 

These results are very suggestive. In the first place, the dissimilarity in 
the alterations of the action potential from those exhibited by the mechanical 
features of the response, represented by RK and T, definitely indicates that it is 
not the action potential, at least as commonly supposed, that activates the 
muscular contractile svstem. Kuffler,"” indeed, has proposed on the basis 
of his experiments on contractures that it does not seem to be the flow 
of the local circuits of the action potential that arouses contraction, but 
rather the depolarization, as such, of the muscle fiber membrane. Our results 
are in agreement with this view, at least in dissociating the action potential 
in the sense of its necessarily accompanying local circuits, from the mechan 
ism that triggers the contractile system into mechanical activity. Our pres 
ent results, however, give no clear indication that the depolarization of the 
membrane is the kev feature of excitation that initiates excitation-contraction 
coupling. [Experiments to test this point are in progress and will be reported 
elsewhere 

\ second point of the potassium experiments is concerned with the great 
rapidity with which the imitial increases in RK and T develop. Figure 7 dem 
onstrates that these increases rise to their maxima in a time of the order of 


16 Kaffler, W 1. Neurophysiol, @:5467, 1946; Aon New York Acad. Se O7:767, 198 
it Footnote deleted on proof 


} 
4 


4 
4 
. 


MEDICINE 


is inconceivable for the 
fibers and thus exert its 
re ssonable explanation Is 
tory membranes of the 

it when they are stimulated 

se ind n comsequence ot this 


d outputs in R and 7 as observe 


changed mechameal behavior mome 


direct effect of potassitim on the con 


m portion of excitation mitra 


permit us to draw 
tassium jon on 
loosens the binding of ca 
the muscle cell It is known 
potassium does cause an internal 
regions Furthermo Heil 
tion which 1s 
Iv excitatory, 
mo tons trom 
it is rease nable te 
treated muscles, 
sed some pons 
under the Pract in clectru 
the mem 


ctile 


cpermnents there 
e Hill 


the 


q 
‘ these then be me modhed 
; the nder tered rest 
the cont fo th 
r exper ts te dot 
heer the direct effect of 
outes treatment erta ells wit 
the cal ' reer the cort 
one ‘ et t he 
‘ rte nl nience 
‘ wet \\ ther re tec 
j vreater thar rt at nt of cal 4 
j ‘ ‘ nder these tions. the intraftibrillar contral svstem 
t mente ! tons ind thus, 
‘ er f our « result in Tease 
i rly attractive feature of thisshv{IMM is its consistency with 
the ectally ettPctive actn or for the mvasi 
etry te We may thereffre suppose ‘that when a 
t hye resetice i auemented @xterr il potassium an 
that is greater than normal there 
the niractyl enzvyinie svVvstet which ts 
rer ae i c greater values of R and T. Of especial 
tre It re wyesied in this papet 
‘ we mect il of the formation of a 
‘ ‘ tivator of m metriphos 
thy vorests the etlect peotasstum 
} | 
‘ te ‘ These we shoul 
‘ tratwor i the et rie thstrate cor 
ere ‘ rewluction of vreater dept! 
s merease in iw. m fact. observed in the 
text muscles. this ma he taken as 
esis we have presented to explain the im 
, 
‘ is 
a 


MUSCULAK CONTRACTION SANDOW 


What, then is the effect of the potassium ion after it has acted for more 
than thirty to thirty-five minutes, when the K and 7 values are decreasing from 
their elevated plateaus back to normal? It is possible that during this period 
he potassium ion has already penetrated into the muscle cell in sufficient 


quantity to act directly suppressively on the contractile system. [It is known 
that the potassium ton does inhibit the myosin-adenosinetriphosphatase \n 
other possibility is that through longer action of the potassium ion the 
membrane becomes impaired because of an excessively great disintegrating 
eflect, generally characteristic of the action of this ion on cells; and, thus, 
the membrane-excitatory mechanism loses its enhanced power to release cal 
cum ions for activation of the contractile enzyme system Further exper 
ments are needed to settle this point 

Integrating our various results presented here, we postulate that excita 
a stimulus serves to release calctum from the cortical or membrane 

‘vions of the muscle fibers Probably, the iterval from the 
plication of the shock to the beginning of the latency relaxation (measure 
/ wa) represents the period for this to occur \t any rate, we suppose that 


pro Is an essential event in excitation-contraction coupling Phe 


lctum activates myosin-adenosinetriphosphatase thus permitting this 


enzyme to form a complex with its substrate, adenosinetriphosphate, which 


is represented mechanically by the lateney relaxation. Once the complex is 
formed, adenosinetriphosphate is hydrolyzed and the energy so released is 
immediately taken up by the actomyosin which then converts this energy 
into the mechanical output of tension (or work) of the muscle 
It must be emphasized, however, that this hwpothesis is the result of a 
series of interpretations each of which may be seriously questioned. Fur 
thermore, these interpretations are based solely on latent period alterations 
It would be better therefore to designate our views of the excitation-coupling 
nd mechanochemical energization processes as working hy potheses \t 
that 1s how they are being used at present, and, as such they certainl 
e the virtue, if no ether, of suggesting further lines of research, now be 
eveloped in my laboratory, not only on the latency phenomena but also 
excitation and the contraction and relaxation periods of the muscular re 
sponse 
(ine final comment remains to be made The research | have reported 
is concerned with the fundamental mechanisms of excitation and contraction 
ind nothing [ have said bears obviously on any clinical muscular dystunction 
I do not think I need to argue here, however, for the need of fundamental 
studies of normal muscle as a basis upon which medical application may 
ltimately he made. Indeed, it would be most interesting and clinically profit 
ible, I believe, to utilize the methods and orientation I have developed in 
this paper to the problem of various muscular disorders, especially to those 
t the experimentally induced atroplnes. It is our plan, as soon as conditions 


ire favorable, to undertake such research 
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Introduction 


Electromyography is now a well recognized clinical procedure, destined 


to equal electrocardiography in importance. We believe that the electromyo 


’ graph wall by an instrument as valuable to the physiatrist, the neurologist, 


the neurosurgeon and the orthopedic surgeon as the electrocardiograph ts 


o the internist and the yeneral practitioner. It is a laboratory instrument 


which will provide information to supplement the clinical findings of the 


physician responsible for the diagnosis, evaluation and treatment of the pa 


tient 
hlectromvography has three important services to offer in the manage 


ment of neuromuscular disorders (1) ditterential diagnosis; (2) prognosis 


(3) assistance im the treatment. Only the first of these services will be dis 


cussed in this article 


It is extremely important to use suitable equipment and proper technics 


to obtain the information desired from electromyography Practically all per 


lat 


tinent clectromvographic data n be obtained with a single channel ele: 
\ 


tromyograph veither the electroencephalograph nor the electrocardiograph 


is a suitable imstrument for the electromyographic examination of patients 


with suspected lower motor neuron disease It has been agreed by many 
authorities in the held of electromyography’ that the use of the needle elec 
trode technic, combined with a high gain amplifier and a cathode ray oscillo 


lesired diagnostic information about lower 


scope. is essential secure the 


motor neuron diseases. Since determining the presence or absence of lower 
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motor neuron diseases is the key to differential diagnosis of neuromuscular 
disorders, the need for proper technic and suitable equipment becomes self 
evident 

rhe use of multiple channel electromyographs* may be desirable for cer- 
tain clinical investigations and basic neuromuscular research, but it is not 
needed for routine clinical use. The electroencephalograph may be used 
successfully in evaluating spasticity, rigidity, sensitivity to stretch reflexes 
and electrical behavior of antagonistic and synergistic muscles during vol 
untary and coordinated reflex activity seen in upper motor neuron disabilities 
However, in a condition in which there is a question of a mixed upper and 
lower motor neuron lesion, the reliability of the information thus obtained 
is highly questionable. With few exceptions these conditions may be exam 
ined equally well, and perhaps much better, with the single channel unit simi- 
lar to the type originally designed by Jasper and Johnson." 

The physiologic principle employed in electromyography rests on one 
phenomenon, namely, an electrical disturbance is brought about by a process 
of depolarization when a muscle fiber contracts." This electrical disturbance 
has been called an “action potential,” “action current” or simply a “voltage” 
and is associated with some particular type of neuromuscular activity. 

The electromyograph has three fundamental uses (1) to ascertain 
whether electrical potentials exist in a given muscle; (2) to determine whether 
the electrical potentials present are normal or abnormal, and (3) to ascertain 
the type and probable cause of abnormality of the neuromuscular system. 
In order to determine whether the electrical potentials present are normal or 
abnormal, it is necessary to examine the voltages from single motor units, 
i. e., the motor nerve with its quota of one hundred or more skeletal muscle 
fibers. The needle electrode enables one to do this, since it limits the electri 
cal pick-up to a few muscle fibers. Limitation of the electrical field to a few 
fibers cannot be accomplished with surface electrodes 


Electromyographic Criteria 


The attributes of voltages of biovelectric origin of skeletal muscle, when 
amplified and examined by a cathode ray oscillograph and a loud speaker 
system, are used to classify the electrical potentials. These attributes, when 
viewed on the oscilloscope, are recognized as waves which have certain char- 
acteristics, and, when listened to by the loud speaker, have distinctive audio 
sounds. These characteristics may be summarized as follows: (1) wave 
form monophasic, diphasic, triphasic or polyphasic; (2) magnitude of the 
wave microvoltage or millivoltage; (3) duration of the wave millisec 
onds; (4) frequency of the wave cycles per second; (5) definitive audio 
sound pitch and intensity, producing a characteristic sound 

(Quite recently another type of quantitative measurement has been in- 
cluded in electromyography sy using an integrating meter, it is possible 
to evaluate the relative power of a muscle in terms of electrical units. Bau- 
wens" accomplished this by substituting noninductive resistance for the loud 
speaker. This rectifies the action currents and measures the electrical energy 
in terms of microamperes. The electromyograph we employ utilizes an in 
tegrating meter device which measures the total electrical energy (summa- 
tion of action potentials) developed in a given area during muscular contrac- 
tion and expresses the relative muscle power in terms of effective microvolts. 
During maximal voluntary effort, the power readings of abnormal and normal 


(a) Brazier, Mary A.; Watkins, A. L., and Michelsen Electromyography in Differential 
@:451, * 


liagnoms of Ruptured Cervical Disk, Arch. Neurol. & Psychiat isa? (b) Hoeffer, 
and Guttman, S. A Electromyography as a Method for Determimation of the Level of Lesions in the 
Spinal Cord, ibid. 50:415, 1944. Hoeffer, 
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injured motor nerve is in the 


Principles of Diagnosis Employed in Electromyography 


, eines riteria are used in differential diagnosis: (1) the pres 
tent when the muscle is at rest; (2) the 
‘ ‘ ‘ tentials during voluntary effort: (3) af 


resent. their normal or abnormal characteristics, and 


| potentials 


Phese principle ed in the clectromvographic diagnosis of all 

‘ ' f 1 ae he tirst thing to do, of course, is to determine 
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ility present ts based on the following knowl 
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complex motor unit voltages 
The characteristics of abnormal voltages associated with lower motor 
neuron disease result from partial or complete denervation. [examples are 


shown in figures 2 and 3. 


ELECTRICAL SIMPLE MOTOR UNIT 
SILENCE DURING REST VOLTAGES DURING ACTIVITY 


(Complete Relaxation of Muscie) (Voluntary and Refiex Contraction ) 
SIMPLE MOTOR UNIT VOLTAGES 


a@) Wave usually diphasix, 
Monopheas« or tripnesh 
©) Magn tude - $00 te 2000 murevoits 


Duration. 2 te 10 milliseconds 


Frequency te SO per second 


VARIATIONS IN WAVE FORM OF SIMPLE MOTOR UNIT VOLTAGES 


Diphasic Triphasic 


Typical cleetromyograms of normal Aeletal muscle obtained with of monopolar 


electrode arn tec 


hibrillation voltages® (fg. 3) are recognized as monophasic or diphasix 
waves which range from 10 to 100 microvolts in magnitude, having. a dura 
tion of | to 2 milliseconds and a repetition frequency which varies from 2 to 
JO per second. Because of their extremely short duration, they produce a 
characteristic high-pitched clicking sound in the loud speaker. 

Pasciculation voltages® may or may not be present, (fig. 2). They are 
observed usually in partially denervated muscles or in conditions in which 


there ts evidence of irritation of the lower motor neuron unit along the course 
of its continuity.” The characteristics of the fasciculation voltages are the 


following: The wave form is polyphasic (four or more phases) with voltage 
magnitudes that range from 20 to 1,000 microvelts, a duration of 5 to 15 
milliseconds and an irregular, inconstant repetition frequency. The audio 
sound is a characteristic harsh, low-pitched noise. Figure 3 shows examples 
of the electromyographic characteristics of abnormal electrical reactions in 
resting and in voluntary contracting muscles shown in diseases and disorders 
of the lower motor neuron system which manifest varving degrees of dener 
vation 

Complex motor unit voltages® (fig. 3) are usually associated with de 
nervation and represent abnormal electrical behavior of either degenerative 

5. Footnote 4a and 6. Footnote 2a 


4 (a) Shea, P. A.; Woods, W. W uml Werden ctromyography im the 


Compression Syndrome, to be published (>) Footnote 
7 Pennybacker, J on and «iculation in Voluntary Muscle 


Nerve Root 


4) Denny Brown, D., and 
Bram 1938 (6) Denny-Brown, Interpretation of the Electromyogram, Arch. Neurol & Pay 
chiat. 61:99, 1949. (c) Footnote 6a 
Footnote 5. Footnote 6a 
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or regenerative processes occurring in lower motor neurons. These are 
polyphasic waves, possessing five or more phases, having magnitudes which 
range from 20 to 1,200 microvolts, durations of 5 to 20 milliseconds and 
repetition frequencies of 5 to 30 per second. Owing to their polyphasic wave 
form and to their long duration, they possess a characteristic harsh, low 
pitched noise 

Base line disturbances® (fig. 3) may be observed early in recovery from 
neural degeneration. These are usually large, rounded monophasic waves 
with magnitudes ranging from 5 to 500 microvolts and repetition frequencies 
of from 2 to 30 per second 

\ fairly accurate estimate of the degree of denervation may be ascer 
tained by determining the presence or absence of fibrillation and fasciculation 
voltages during rest and by determining the presence and extent of base line 
disturbances, complex motor unit voltages, simple motor unit voltages and 
power readings in terms of microvolts.* The electromyographic character 
istics of the electrical behavior of normal and abnormal neuromuscular ac- 
tivity are summarized in the table. 


Differential Diagnosis 

Electromyography is a clinical laboratory procedure used to assist in 
establishing a diagnosis in various types of neuromuscular disorders, It is 
employed chiefly to determine the type and the probable cause of paralysis 
of the skeletal muscles, Skeletal muscle may fail to contract in response to 
a willed act for various reasons: (1) loss of voluntary contraction brought 
about by abnormalities of the muscle fibers themselves, 1, ¢., muscular dystro- 
phies; (2) disturbed function of the neuromuscular junction, i, ¢., myasthenta 
gravis™; (3) degenerative changes of the lower motor neurons,” i. e., periph 
eral nerve injuries; polyneuritis, anterior poliomyelitis, progressive muscular 
atrophy, amyotrophic lateral sclerosis; (4) functional changes of segmental 
and long circuiting reflexes,” i. e., paraplegia, tabes dorsalis; (5) physiologic 
block of acute injuries and inflammatory conditions of muscles and joints.” 
i. e., nondenervated muscles of anterior polhomyelitis (“alienation”)"; (6) up 
per motor neuron lesions,” 1. €., cerebral palsy, hemiplegia, multiple sclerosis, 
parkinsonism, amyotrophic lateral sclerosis ; (7) abnormal cortical functions,” 
i. e., hysteria and malingering 

Examination of the electrical reactions of the muscle to any of these 
conditions may be of value in determining the type and cause of the paraly 
sis. Some of the outstanding electromvographic features which are used in 
diagnosing neuromuscular disorders will be mentioned. 

Paralysis caused by a disorder of the muscular system proper may show 
no evidence of denervation,” that is, no fibrillation or fasciculation voltages 
are present. The muscular responses elicited from weakened muscles by 
voluntary effort or by electrical stimulation show electrical potentials which 
resemble those of normal muscle, However, some minor quantitative changes 
in the voltages may be observed, and the simple motor unit voltages and the 


power reading in terms of microvolts may be of a low order during maximal 


muscular contraction.” 

Disturbances of the function of the myoneural junctions, occurring, for 
example, in myasthenia gravis,” show a rapid reduction of voltages during 
sustained contraction for thirty seconds or more. Electrical silence may de 
velop after sixty seconds of sustained maximal contraction. The action po 


Footnote ta, « Footnote 2a. Footnote 5. Footnote 74, 

10. Footnote 2a 

it Footnote Footnote 4> 

i2 (a) Weddell, G. Femstem, B., and Pattie, BR. FE The Clinical Applheation of Electromyography, 
Lancet 1:294, 1942. (b) Footnote (c) Footnote 2a. Footnote ta. (¢) Footnote 7a, 
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w malingering,” in which the failure of contraction is on an economic or 
psychologic basis, the characteristics of the electrical behavior of the mus 
cles are normal. It may be necessary to employ reflex contractions or ele 
trical stimulation to elicit muscular contraction. However, when the muscular 
contractions are thus produced, only simple motor unit voltages are observed 
and no fibrillation or fasetculation voltages are present 
Spinal cord and anterior nerve root lesions resulting from compression 
issociated with herniated intervertebral disks, tumors or intradural or extra 
dural hemorrhage may be recognized electromyographically Hoetter and 
(suttman, 2" in 1944, and Brazier, Watkins and Michelsen,® in 1947, reported 
the presence of fasciculation voltages and motor unit discharges in resting 
muscles supplied by the segment of the cord at the site of the lesion. Some 
vestion coneerning the reliability of their methods of diagnosis has been 
brought out by the report of Shea, Woods and Werden,“ who observed the 
presence of fasciculation voltages in only 50 per cent of 35 patients with 
proved compression lesions of the anterior nerve roots These investigators 
used the needle electrode technic and a single channel electromyograph \ 
positive diagnosis of a root lesion was made in 100 per cent of the 
cases, and an accurate localization of the site of the lesion was made in 34 of 
the 35 cases. In 1 patient, the lesion was erroneously localized at the eighth 


cervical root, and operation showed a hermiated nucleus pulposis compressing 


the 7th cervical root Phe error in localization was later found to have been 
caused by a faulty placement of the needle clectrode According to Shea 
and associates, the diagnosis and localization of the level of the lesion ts 


made with an unusually high degree of accuracy when based upon the fol 
lowing findings, listed in the order of their importance: (1) segmental de 
nervation fibrillation arising from one single segment or root; (2) complex 
motor unit voltages; (3) fasciculation voltages 

With use of some of the criteria mentioned which are characteristic of 


neuromuscular disorders, it 1s possible to make a differential diagnosis among 


the following conditions: (1) primary muscular dystrophies and primary 
muscular atrophies ; (2) lower motor neuron lesions and upper motor neuron 
lesions™ ; (3) disuse atrophy and denervation atrophy; (4) physiologte block 
and lower motor neuron lestons™; (5) organic paralysis and a funetianal 


paralysis®; (6) backache caused from acute and chronte postural stram and 
that caused from nerve root compression lesions.’ 

now affords a means of obtaining positive quantita 
tive data in all neuromuscular disorders associated with lower motor neuron 
lesions. Qualitative and quantitative data other than charactetistic findings 
of lower motor neuron disease mav be secured in muscle disorders as well as 
in cortical and upper motor neuron lesions. The presence or absence of the 
signs characteristic of denervation provide very important information which 
will assist in the differential diagnosis of numerous neuromusculer disorders 
\ significant point of practical importance ts that electromyographic findings 
are now accepted by the courts as reliable diagnostic evidence.” Information 
showing the absence or presence, extent and cause of organic neuromuscular 
involvement becomes of extreme importance in the settlement of medical 


legal cases Summary 


The present and future status of electromyography 1s discussed 


\ brief discussion is presented regarding the proper selection of equip 


ment and techni It is pointed out that for routine clinical work only a 
21. Footnote la. Footnote 3a Footnote 4a Footnote ile 
22 Footnote 2a. Footnote 15 
Personal communication to the authors out nate 
a) Golseth, 1. G The Medical-legal Aspects of Electromyography, to be publiched 
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single channel electromyograph is required and that the needle electrode 
technic is preferable when used to assist in the diagnosis of neuromuscular 
disorders 

Phe important physiologic principle used im eleetromyography is the de 
tection and proper examination of the electrical potentials of skeletal muscles 
associated with contractile process of the muscle fibers 

Phe electromyographic critema used im classifying voltages associated 
with muscular contraction are those of (a) wave form, either simple or poly- 
phasic; (6) magnitude of voltages, either of a single wave or of voltages of a 
series of waves power readings over a given period of time; (¢) dura- 
tion in milliseconds; (d) frequency of waves in terms of cycles per second; 


(¢) audwsound of the varmous waves 


Summary of Significant Electromyographi Characteristics of Normal and 
It aves * 


Frequency 
Wave ot Wave [hag 


Name of Wave Wave Fors Microvelt Mill seconds Audio Sound Sigmhcance 


Simple motor Monophasic 100 to 2to Low-pitched Normal 
mit voltage Diphas thumping neuromuscular 
ccurring Triphass sound contraction 


furing volur 
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luring rest clicking denervation 
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Fasciculation Poly phasic 20 to 1000 tol Irregular Harsh, low- Abnormal wave 
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during rest phases) repetition noise degeneration or 
frequency irritation 
Hase line dis Monophas: to “OO to M Jw Lhistant Abnormal wave 
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The electromvographs horactertstics of normal and abnormal neuro 


Che significant electron raphe phenomena shown in the examination 
tf patients watl pected neuromuscular disorders are those of normal and 
abnormal reaction Normal neuromuscular responses are characterized by 
electrical silence during rest and simple motor unit voltages during voluntary 
ethort \bnorma!l nditions ma show the presence of absence of denerva 
ton Phe diagnostic features associated with lower motor neuron diseases 
show the presence of spontaneous electrical potentials while the muscles are 
at rest, i.e, fibrillation voltayes with or without tasciculation voltages, During 
voluntary effort, motor unit ltaves are absent in complete denervation, and 
the presence base line disturbance omplex motor unit voltages with of 
without a mixture of these with simple motor unit voltages, indicates partial 
dener ithon 


lhe dominant electromvographic features of various types of paralyses 
resulting from primar liseases or disorders of the skeletal muscles, the neu 


romuscular junctions, lower n functional disorders of the seg 
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mental and long circuiting reflexes, upper motor neuron and cortical abnor 
malities are presented. 

Combining electromyographic data with other clinical data facilitates the 
differential diagnosis of such conditions as primary muscular dystrophies and 
atrophies ; upper and lower neuron diseases ; rigidity and spasticity of skeletal 
muscles; physiologic block and organic nerve lesions; hysterical paralysis or 
malingering and organic paralysis; backache of acute or chronic postural 
strain and that of compression lesions 


In addition to its use in differential diagnosis, electromyography may be 
employed to identify the segment of the spinal cord or spinal nerve root or 
roots involved in a compression lesion 

Llectromyography may be used also in securing objective evidence for 
court testimony in medical legal cases 


CARE OF UPPER EXTREMITY PARALYSIS IN 
POLIOMYELITIS * 


KRISTIAN G. HANSSON, MLD. 
From the New York Hospital 


NEW YORK 


In a series of cases of infantile paralysis from 1931, covering 54 patients, 
the end result was that about 70 per cent of the patients recovered completely, 
18 per cent had slight residual paralysis and 12 per cent had severe paralysis 
The distribution of the paralysis was as follows: one upper extremity, 19 
per cent; both upper extremities, 4 per cent ; one lower extremity, 50 per cent; 
both lower extremities, 12 per cent, and both lower and upper extremities, 
15 per cent. Thus there was involvement of the upper extremities of 38 
per cent.’ While braces are used to support the weight in paralysis of the 
lower extremities, there is no adequate substitute for paralysis of the upper 
extremities. Therefore, the patient who has lower extremity paralysis is 
somewhat limited in locomotion, while the patient with upper extremity 
paralysis is greatly handicapped when it comes ta making use of his normal 
lower extremities. The patient with upper extremity paralysis can move 


about but cannot take advantage of his activities. Complete paralysis of 
both upper extremities is probably the most devasting after-effect of polio 
myelitis. It therefore becomes very important that all possible steps be 
taken to prevent such paralysis and also all possible care be devoted to 
minimize the residual after-effects of poliomyelitis in the upper extremities. 


In recent years, therapeutics has been overemphasized and a compromise 
has been made on long-established laws of prevention. I therefore want to 
repeat the old established formula for treating peripheral nerve lesions: 

In analyzing muscle action, one must differentiate between concentri 


1. Weakened muscles should be held in the neutral position, The muscles involved 


must always be supported in such a way that overstretching is unpossible 
2. Gravity must be eliminated 


3. Adequate blood supply must be maintained 
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Serratus Magnus Paralysis 
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by 
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e re the } d and it raises the chest when the scapula is stabilized 

‘ this function. it follows that a paralyzed serratus magnus 
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from the floor, The other type of exercise is concerned with the supporting 
muscle of the serratus magnus, the trapezius especially the lower part 
and the rhomboids. These exercises are repeated at each of the patient’ 
visits and also performed by him three times a day at home? 


Shoulder Joint 


This joint has all the unfavorable factors for producing residual contrac 
tron. These factors are gravity, leverage, and phylogenesis. One of the most 
difficult problems in after-treatment of poliomvelitis is the frozen shoulder 
that appears in patients who have been in a respirator for any length of time 
In them one sees contracture of the capsule and shortening of the adductors 
ind stretching of the abductors. The general consideration of the shoulder 


may be best discussed by referring to an actual case: 


A little girl, 5 “ars old, contracted poliomyeciitis in September, 1946. On Novem 
ber 26 she presented a picture of complete paralysis of the right deltoid musc'e. Supra 
spinatus, biceps and triceps showed fair muscle power There was atrophy of the supra 
spinatus and infraspinatus fossa, and the circumference of the right arm was ‘4 inch less 
than the left one. She had been treated with hot packs and muscle reeducation exercises, 

these treatments were continued daily until Jan. 15, 1947. At this time, there was no 
hange in the muscle power about the shoulder 1] advised an airplane splint, which 
was refused. The child's father, who was a practicing physician, shopped around among 
various physicians and got different advice, until he finally returned to me and the pa 
tient’s right shoulder was placed in an airplane splint and treatment changed to electrical 
stimulation of the weakened muscle, followed by muscle reeducation This treatment 
was continued during the vear of 1947, and on lan. 28, 1948, the patient had recovered 
use of the supraspinatus and infraspinatus muscles, the anterior and middle deltoid, the 
biceps and the triceps. It was interesting to notice that the modern airplane splint 


holds the arm in slight flexion and thereby overstretches the posterior part of the deltoid 
his may explain the persistent weakness of the posterior deltoid. The main change in 
atment during 1948 was the addition of weight lifting. The patient started with dumb 
{ pound weight, and at the end of the vear used 5 pound weights She als: 
-witnming in the summer of 1948. Use of the airplane splint was discontinued 
anuary & ‘The only treatment followed since then has been swimming and weight 
ifting When last examined, on April 21, 1949, all the muscles about the right shoulder 
had recovered except the posterior deltoid, which was marked as fair 
Phe experience gained from such a patient and many other similar cases 
hows the definite value of (1) supporting the weakened muscle; (2) electrical 
stimulation to a definite group of muscles, and (3) weight lifting, which is 
probably the best exercise for producing muscle power 


Elbow 


The elbow ts characterized by antagonistic pull of the biceps for flexion 

ind the triceps for extension. The general principal holds true here that 
eakness of flexion should be treated with the elbow held at 9%) degrees, 
while weakness of the triceps can be treated with the arm hanging at the side 
The absence of flexion in the elbow is the most serious one, because even a 
normal hand would be useless if it could not be approximated to the face. A 
ibstitution movement is usually present when the biceps is absent, and thi- 
due to the use of brachialis and the extensor muscle, which takes origin 
the external epicondyle. The brachialis muscle has a double innervatior 
the musculocutaneous and the radial nerve. If the forearm is pro 

the patient is able to flex the elbow by means of substitution of the 


brachiahs and the brachioradialis. This fact is an underlying principle for 


perations on patients with paralyzed biceps. This operation consists in re 


placing the origin of the extensor muscles and the epichondyle higher up oO 


ne humerous 


Hansson, K. G Serratus Magnus Paralysis, Arch. Phys Med. 38:156 (March) 1948 
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In a completely paralyzed arm with an active hand it is sometimes pos 
sible to make use of the same principle on which an artificial arm ts built 
\ wire is attached to the forearm, running up to the axilla and across the 
ipper part of the body and around the opposite shoulder in such a way that 
when the opposite shoulder is brought forward the forearm on the paralyzed 
side will be flexed 

The problem in the after-treatment of noliomvelitis of the hand resolves 
itself into four parts 

1. Radial Nerve Paralysis When the radial nerve is paralyzed, it ts 
recognized by a dropped wrist and inability to extend the fingers. The three 
extensors of the wrist are unable to raise the wrist against gravity, and the 
extensors of the thumb are unable to abduct and extend the thumb Paral) 
sis of the extensor digitorum communis shows itself in inability to extend 
the fingers This lack of omplete extension of the fingers should not he 
onfused with extension of the f ngers produc ed by the lumbricales 

The type of support required for radial nerve paralysis ts, therefore 
a splint that holds the wrist in slight extension ind fingers in extension 
his is best supplied by a spade splint whereby each individual finger ts held 
in position by means of a le ather strap The rest of the treatment consists 
of electrical stimulation to maintain the tone of the muscles, massage for 


the cure slate n of the hand ind tise le reeducation exercises 


2 VWedial Nerve Paralysis This is characterized by hyperextension ot 
the wrist and loss of apposition of the thumb, which ts usually held in ab 
duction and extensor Phe apposition of the thumb against the other fingers 
is the most important function of the hand Therefore, one should not neg 
lect the placing of the thumb tn a proper position so that the opponens mus 

le is not over stretched There are various splints for this purpose, but the 
principle of the immobilization should be based on slight rotation forward 
ind inward of the first met rpal and flexion of the thumb 

Ulnar Paraiysi This is characterized by atrophy of the intrinsic 
muscle and hypothenar eminence. When the flexor carpi ulnaris is paralyzed, 


it is often difficult to test for this muscle. However, atrophy of the hypothe 


nar eminence is easily recognized, and the fourth and fifth fingers are held in 


flexwor The most important aim in the mobilization is to prevent flexion 
ontraction of these two fingers and, alse, to maintain their adduction 

{ Complete Paralysis When all three nerves of the hand are paralyzed 
the hand is usually found with the wrist in slight flexion, the palm ts flat, the 
thumb is held in abduction in the same plane as that of the palm, the meta 


arpophalangeal joints are held in shght extension and the interphalangeal 


joints are in slight flexi 


The immobilization of suct completely paralyzed hand should be that 
of physiologic position of grasy This means that the wrist is dorsiflexed 
about JO degrees and wit! t medial or ulnar deviation The thumb 1s in 
the position of full abduction and is retained in apposition in such a way 
that the plane of the four inner metacarpals meet the plane of the first and 
second intercarpals at nearly a night angle The metacarpophalangeal joints 
are flexed 15 to 20 degrees from the straight position and the interphalangeal 
punts LO to LS degrees The angele formed by the shafts of the first and 
second metacarpals is approximately 60 degrees. With the hand and wrist 


in such a position and the forearm midway between supmation and pronation 


the treatment should consist mainly of electrical stimulations, massage and 


Cochrane, W A Urthopacd Surgery, Baltimore, Wilham Wood & Company, 1924, p. 445 
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Various apparatus and gadgets have been recommended for patients with 
upper extremity paralysis. Four of these are worthy of mention: 
(a) An overhead spring sling has been recommended by Bennett. This 


is an assistive apparatus for patients with weak arms but active hands. It 
can be attached to the bed, a table or wheel chatr 

(bh) The next apparatus can best be illustrated by recounting the history 
of one of my patients. This patient had been severely paralyzed in all four 
extremities and the trunk toth legs were useless, and the left arm was 
nearly so. When she came to the time tor locomotion in a wheel chair, she 
could use only one hand on the wheel, and consequently the chair only turned 
around, A wheel chair with two extra rings on the wheel of one side is now 
on the market. Patients who have only one active upper extremity can turn 
one ring to go to the right and one ring to go to the left. When both rings 
are grasped, the wheel chair goes straight forward 

(¢) Another useful apparatus is the electric typewriter. This requires only 
nunimal touch, and its use made it possible for the patient to be an assistant 
to my secretary. She is a very useful addition to the hospital staff, because 
she has learned shorthand and typewriting and can propel her own wheel 
chau 

d Ihe fourth apparatus is a motor-driven wheel chair that can be used 
by patients totally paralyzed im both lower extremities and one upper. It ts 
controlled by one lever, by which the motor ts started either forward or back 
ward and which can also be used for the steering of the wheel chair. The 
motor runs on batteries, is quite notseless and Ws geared to a speed of three 


miles on hour 
Summary 


The residual symptoms of poliomyelitis are (1) spasm, (2) paralysis and 
(3) deformity. Spasm is most prevalent in the acute stage, may or may not 
be found in the subacute stage and should be absent in the chronic stage 
Anything in therapeutics, be it physical or pharmaceutic, that will relieve 
spasm may be used. However, one must be sure that all muscles are stretched 
to their normal Jength Paralysis sets in during the acute stage, is most 
prominent in the subacute stage and is found in the chronic stage in about 
30 per cent of patients. The treatment should include proper support of 
paralyzed muscles in the physiologic rest position to prevent overstretching 
of muscles. Muscle reeducation exercises are the principal activities for re- 
covering of function of muscles, but electrical stimulation and weight lifting 
should also be included. If muscle spasm has been released and weak muscles 
supported, there should be no deformity, theoretically speaking. However, 
when encountered, one should not hesitate to recommend braces and supports 
or orthopedic surgery 


Conclusions 


Paralysis of upper extremities is more disabling than similar paralysis 
of lower extremities. It therefore becomes more important to observe all 
preventive and therapeutic measures 

1. The principal therapy, the after-effects of poliomyelitis anywhere, is 
to release spasm, support and strengthen weakened muscles and prevent de- 
formity 

2. It is especially necessary to use the proper brace in case of paralysis 


of serratus magnus and deltoid muscles 


‘ Hierman, W Physcal Medicme in Goneral Practice, New York, Paul Hoeber, Inc, p 184 
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THE EFFECT OF PARALYSIS OF ONE LOWER-EXTREMITY 
ON BONE GROWTH * 


Preliminary Report 


GLENN GULLICKSON JR., M.D. 
M. OLSON, B.S 
and 
F. J. KOTTKE, 


MINNEAPOLIS 
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lower extremity on the involved and the uninvolved sides are expressed here 
as “percentage shortening,” the uninvolved extremity serving as the standard 


\ll patients were examined for the amount of muscle power present in 
both lower extremities and the amount of strength was recorded with use of 
the modified Lovett method recommended by the National Foundation for 
Infantile Paralysis, Inc., in which 0 indicates no strength, 1 trace, 2 poor, 
3 fair, 4 good and 5 normal. The following groups of muscles were examined’ 
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Gluteus maximus; long hip extensors; iliopsoas; sartorius; tensor fasciae 
latae; gluteus medius; adductors of the thigh; internal rotators of the thigh; 
external rotators of the thigh; quadriceps; inner hamstrings; outer ham 
strings; gastrocnemtus-soleus ; tibialis anterior; tibialis posterior; peroneals ; 
extensor digitorum longus; extensor proprius hallucis; flexor digitorum lon 
wus, and flexor hallucis longus. The total muscle strength of the thigh, leg 
ind entire extremity was then expressed as summation of the individual 
muscle scores. Thus a thigh with normal strength would be expressed as 
(4), a leg with normal strength as 40 and a normal extremity as 100. 

\s a measure of the degree of atrophy present, comparative measure 
ments were recorded of the circumferences of the two lower extremities at 
selected levels. The circumferences of the thighs were measured at two 
places the middle of the upper third, and the middle of the lower third. 
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strength of the lower extremity and the shortening of the lower extremity 
Che correlation coefficient between muscle strength for the lower extremity 
and percentage shortening of the lower extremity is —0.68 

Charts 4 and 5 show the relation between atrophy of the upper and lower 
parts of the thigh and the shortening of the femur. The correlation coefficient 
for the relation between atrophy of the upper part of the thigh and 
emoral shortening is +0.082. The correlation coefficient for the atrophy 
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of the lower part of the thigh and femoral shortening is +0.592. Chart 6 
indicates the relation between atrophy of the calf and shortening of the tibia 
The correlation coefficient for atrophy of the calf muscles and shortening of 
the tibia is +0.764. Chart 7 indicates the relation between the combined 
‘trophies of the lower extremity and the total shortening of the lower ex 
tremits The correlation coefhicient is +0.652 

Che relation between muscle strength and atrophy was also evaluated 
Che correlation coefficient for the relation between the muscle strength of the 
thigh and the atrophy of the upper part of the thigh was -—-0.343 and for the 
relation between thigh muscle strength and atrophy of the lower part of the 
thigh it was — 0.483; for the relation between muscle strength of the leg and 
trophy of the leg it was —O.84, and for total strength of the lower extremits 
and total atrophy of the lower extremity it was —-O.861 

The effect that the age of the onset of acute pohomyelitis has on the 
amount of shortening that will occur is indicated in the table. The average 


percentage shortening for each of the three groups, 0 to 5 years, 6 to 10 years and 
11 to 14 years is shown. There appears to be no significant dfference between 
the O to 5 vear and the 6 to 10 year age groups. A smaller amount of short 
ening is seen in the 11 to 14 year age group. This may be related to approach- 
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mized. It is possible that if volume changes 1m the extremity were measured, 

a closer correlation would occur with the amount of bone shortening 
When shortening in the involved extremity is evaluated against the 
strength of the muscles in the extremity, it is found that there is a significant 
though much poorer relation between the strength in the thigh and the short 
4 the femur than for atrophy. There ts no correlation between strength 


‘g and shortening of the thia. When shortening of total lower ex 


Percentage Shortening of the Femur 


Atrophy of the Lower Thigh 


tremity length is compared with lower extrem t is Signili 
cant relation (chart 3) Phe factors that rel i of the bone to total 
strength in the extremity, rather than to streng 4 the muscles surrounding 
the bone involved, are not understood. It is possthle that bone growth wall 
be found to be related to activity of the extremity rather than to absolute 
strength, and therefore muscles at a relatively distant site from the bone 
will have an influence on growth 


Comparison of muscular atrophy in the involved extremity against mus 
cular strength showed that in the upper third of the thigh there was less 
correlation (p 0.002) than in the lower part of the thigh, calf and entire ex 
tremity, where the chance of error due to random sampling is less than 0.001 


Nevertheless, except in the leg and in evaluating total atrophy against 
strength, the reliability of prediction that muscle weakness will be associated 
with atrophy is poor. 


Phe age of onset of acute poliomyelitis apparently has little effect upon 
the amount of shortening that will occur (table). It was found that patients 
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A PROGRESSIVE RESISTANCE EXERCISE APPARATUS 
FOR PHYSICAL REHABILITATION OF PATIENTS 
WITH AMPUTATIONS, FRACTURES AND 
PARALYSES OF THE LOWER 
EXTREMITY * 


FRITZ FRIEDLAND, M.D. 


Chief, Physical Medicine Rehabilitation Service, Cushing Veterans Administration Hospital 
MARILYN M. COUTURE, P.T. 


Assistant Chief Physical Therapist, Cushing Veterans Administration Hospital 


FRAMINGHAM, MASS 


The purpose of this paper is to describe an apparatus which permits the 
adaptation of DelLorme’s progressive resistance exercises to conditions for 
which the conventional setup is not adequate. The apparatus is constructed 
tor the performance of hip and knee exercises by above-knee and below-knee 
amputees as well as for the early treatment of patients with fractures of the thigh 
or lower leg and also with paralyses of the ankle or foot 

Since 1945, when Delorme first published’ his exercise method of pro 
gressive resistance, many physical medicine institutions have accepted his 
system, either fully or in partly modified forms. A number of publications 
have shown the advantages of progressive resistance exercises? Eliminating 
the monotony of exercises invites the cooperation of the patient, specially 
the average mechanical-minded patient Che intelligent patient enjovs ob 
serving objective signs of progress, and no other system has supplied physi 
can and therapist with so good a tool to record muscular function and progress 
as progressive resistance exercises have done. The clinical results regarding 
the development of muscle strength and muscle volume have been favorable” 

here is no debate on the convenience ind versatility of the commercial 
exercise table. However, certain special indications, which will be discussed 
in detail, have influenced one of us (M.M.C.) to design an apparatus which 
an be used with or without the table Basically the apparatus (fig. 1) re 
sembles a brace with two uprights, knee joint with lock and laced leather 
cults for thigh and lower leg. The laces permit the apparatus to be tightened 
within a range of 3 inches to adjust it to different circumferences of extremi 
ties of different patients; the laces also allow for the expected increase of 
muscle volume \ universal fit cannot be expected of a simple brace like 
this, but three apparatus (small, medium and large) will suffice to adequately 
fit this device to any adult patient 


The two uprights are made of the usual brace steel. A hinged knee joint 


divides the thigh from the lower leg; the knee lock is of the sliding type, 
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tensors of the knee paralyzed, progressive resistance exercises are carried 
out by the hip musculature with the knee joint locked (fig. 5) For knee 
and hip exercises the right angle turn at the distal end of the uprights cir 
cumvents the paralyzed ankle, thus eliminating stress and trauma from the 
muscles of the foot. 

Che same rationale is valid when the apparatus is used for knee exercises 
after trauma or surgery, such as tendon transfer, of foot and ankle 

Our system of Progressive Resistance Exercises is the same as described 
by DeLorme.* At the first treatment the muscles or muscle groups to be 
treated are tested for their 10 repetition maximum (10 ¢.m.), te, the amount 
if weights the muscle is able to lift through the full range of the joint ten 
times. After this test, daily treatments are given and the muscles of muscle 
groups are exercised ten times with 50 per cent of 10 r.m_; after a rest period 
of two minutes, with 75 per cent of 10 r.m., and, finally, after another pause, 
with full 10 rm. The test is repeated in weekly intervals, and the 10 rm, ts 
increased accordingly. In fractures with evidence of nonunion or delayed 
union and in the early treatment of fractures with adequate callus formation 
we have modified the treatment to the extent that weights are used below 
the 10 rm. The amount of resistance ts selected empirically, depending on 
the nature of the fracture. The patient is not tested for the 10 r.m,, and the 
maximum resistance used is probably not more than approximately one-half 
of 10 rm. It is our policy to be rather conservative and to err on the safe 
side. Progression of resistance is also intentionally delayed until firm bony 
union permits the unlimited use of progressive resistance exercises with 10 
rm. However, with observance of these outlined precautions we feel that 
this type of exercises ts safer than the usual hand-resistive exercises, with 
their undetermined amount of resistance 

It must be realized that the maximum weight load against which the 
exercises are performed consists of the weights attached plus the weight of 
the apparatus. Since, however, the weight of the apparatus is constant, we 
make note only of the additional weights in our therapeutic considerations, 
We have also used the apparatus for mobilization of contracted knee joints. 
In this case the weights applied serve the purpose of stretching the contracted 
tissues. The weights are selected well above the 10 r.m. within the limits 
of tolerance. No muscular action against this resistance is attempted 


Summary 


\ specially constructed apparatus is described which is used in connection 
with progressive resistance exercises tor certain indications. Its advantages 
lie in (1) the protection of recent fractures of thigh and lower leg; (2) the 
means of applying progressively increasing weights to above-knee and below 
knee amputation stumps; (3) the bracing of paralyzed knees for hip exercises, 
and (4) the elimination of weight from paralyzed or otherwise disabled ankle 
joints and feet during the application of progressive resistance exercise treat 
ments to hip or knee. The device is simple and can be inexpensively made 


in any orthopedic brace shop, 


We wish to express our appreciation for the cooperation received from the Brace Shop of Cushing 
Veterans Administration Hospita 
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One of several striking exceptions to this gen 
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equipped 


training in self-care 
that patients had 
where employment after hospital 
impossible, but with the training afforded at Rocky 
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specialized medical care, the hospital has followed 
Administration in devel 
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Chester Moses 


It is with regret that we announce the death of 
Moses of Buffalo, New York. Dr, Moses 
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SHORTAGE OF PHYSICAL THERAPISTS 


\ note under Current Comment in the recent Hospital Number of the 
lournal of the American Medical Association’ discusses the shortage of medical 
technologists, x-ray technicians, physical therapists, occupational therapists 
ind medical record librarians. There have been substantial increases in the 
number of schools and in the number of graduates in medical technology and 
\-ray, but the gains in the other technical fields are much smallet 


From 1947 to 1949, the number of physical therapy schools increased from 
25 te 31 and the number of graduates from 383 to 469 per vear, Three of 
these schools are operated by the Medical Department of the United States 
\rmy. The number of occupational therapy schools remained unchanged at 
25 and the number of vraduates at 400 per vear 


The supply of physical therapists, especially, falls far short of meeting 
the needs in this field. A rapid count of the total number of registered physi 
cal therapists in the United States proper, according to the recently published 
Registry Directory in the May issue of the ARCHIVES? indicates that there 
are now 4,636 registered therapists in this country Fifty-six more registrants 
are located in Alaska, Canada, Canal Zone, Cuba, luerto Rico, and other 
countries over the globe \ddresses of 26 registrants are unknown. Cali 
forma leads other states of the Union in the number of registered physical 
therapists with 745, New York ts second with 618, and Nevada trails with 
only two 


Phe combined rated capacities of the civilian physical therapy schools im 
the United States 1s 595. The number of graduates in 1949 was 469. It ts 

us then that the schools are not filled to capacity and that continued 
efforts must be made to recruit more students. Some schools have found 
in recent years that far more men are applying for entrance than women, due, in 
part at least, to the veterans’ educational benefits The chief effort at recruit 
ment, therefore, should be toward securing more female students The 
scholarships offered by the National Foundation tor Infantile Paralysis have 


heen exceedingly helpful, but the schools are still not filled to capacity 


\s the medical profession recognizes more and more the therapeutic and 
diagnostic possibilities of the physical procedures, the demand for the services 
4 qualitied physical therapists will continue to merease, This, together with 
the relatively small number of physical therapists that the present schools 
are able to train, and the loss to the profession by marriage and other factors, 
makes it appear that there will be a shortage tor many years. Such an in 
teresting uncrowded field should attract ambitious voung women and young 
met More approved physical therapy schools are needed and more intensive 
recrintment campaign 1s indicated 


Current Comment Technical |. A. M. A. (May 6) 1950 
Registry Directory Arch. Phys. Med. 34:311 (May) 1950 
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rHE CONTRAST BATH 
(ine of the i ‘ t ‘ edures for the purpose of a« 
erating the in the extremities, is the 
n the trast er re tthe Twenty 
eT ( | kal Mecdheome in ( 
tember 9 1049 Phere ‘ ‘ i it evidence of the tlue of the 
‘ ‘ ef eral od tlow t this recent 
research ind 1, ‘ ein an nvincing mannet 
lv wa | tHieted with rheumatoid arthritis The 
ent le recetved contrast baths to 
The tures were 110 F. (43.3 C.) 
er extremitr mersed, the increase in blood flow 
er cent } re sere immersed, the average 
eave 4 \\ he extremities 
‘ t wet ‘ 
hex ‘ yreater it t hese produced b 
‘ P \ et hye mpare ta orabls 
wath the ‘ ‘ the intravenou dministration 
tvi ‘ ‘ \ et tw re t as wreat as 
182 per cent) or the air condi 
‘ eve et the same authors 
| ple t can be taught easily to 
athe feature important in the home 
treatme ‘ thritiucle stasis uleers, and 
thre nt nd in the treatment 
et { t Woodmanseyv, Collins 
t temperatures tor | nglish 
if) | for the cold Krusen ; 
thy t ‘ thie teor \mertican patrents to 
‘ r te tive t vt e to two minutes for the cold 
tie « reste tive lue to the fact that 
e Ens ‘ ver temperatures than do we 
The te ‘ mtinued 20> to 30 minutes 
, ‘ d the w e procedure mat 
‘ eated ‘ 1 lhe writer has used the con 
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trast bath, with good effect, as of every three hours in the treatment 
f certain acute local intections 

Phe physician must not be deceived by the simplicity of the contrast bath 
It is a potent stimulator of local blood flow and is useful in almost any con 
dition where such an effect is desired. If the reader has not perused the article 
by Engel, Wakim, Erickson, and Krusen' in the March (1950) issue of the 


VRCHIVES, he should, by all means, do s 


EASTERN SECTION MEETING 


astern Section meeting hy in Conyress of Med 
held on Saturday rnoon pri 24, 1950, in Washington, 
b>. 4 was exceedingly well attended from all parts of the East Boston to 


Kichmeond the total number of persons registered being near 14) The af 


oon session was held the George Washington University Hospital and 
preceded by an inspection of the well equipped, spacious and well placed De 


partment of Physical Medicine, un vw direction of Dr. Charles S. Wise, 


who also acted as Chairman of the C3 ommuttee The afternoon's papers 


all clhniecal, were given by three members of the faculty of George Washing 

ton University and two of Georgetows niversity and discussed by mem 

bers of the Congress; they meluded tl ation of physical medicine to re 

habilitation after chest surgers veripheral vascular disease, to neurologic 


conditions, fractures at the elbow and rheumatoid spondylitis. The evening 
session began with an excellent dinner served at the Hotel Willard, at the 
close of which greetings were given from the chairmen ot the component so 
creties \ panel-symposium on the shoulder, including functional anatomy, 
rthopedic aspects and physical medicine, was the evening's top ably con 
ted by Dr. William H. Schmidt. All these presentations and thei dis 
cussion were of high order and moved promptly on schedule. The meeting 
unquestionably made many new friends for physical medicine at the nation’s 
Capitol and offered those in attendance an imstructive although strenuous 
afternoon and evening, as well as a welcome opportunity for a pleasant social 
time Credit for the excellent planning and carrying out of the program 
is due to the Chairman, genial Col. Emmett M. Smith, Chief, Physical Medi 
ve Consultants Division, United States Army Medical Department, and to 
Secretary, dvnamic Dr. Herman L. Rudolph of Reading, Pa., as well as 


the members of the Washington Committee 
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Infrared absé rption and electrical emission spec 


hief (let trun we also used in the physical analysis of the 
lustra The Yeu respiratory gases, as ix the mass spectrometer 
itis Se C1 ig the measurement f oxygen in the res 
jurat “gases 1 followed by measurement of the ’ 
1 The Techni f Arterial Puncture 
lescribed Comroe One would find in this 
‘ fet il Research lished 
sheort fart eT idequate chapter enough to start 
arog t ental work im this field The chemical and 
‘ 
| j i | et \ Stead a David sical methods for analysis of the blood gases 
‘ ! thers, are liscussed 
here n this hook a very good discussion of the 
excelles ‘ has heer } ed which the xymeter, that is, the photoelectric method of meas 
‘ cd The Millikan oxymeter has mack 
: the h exnerience the same field <ygen methods clinically practical, and its moder: 
sei frat ed this iriation ha ontributed to the effectiveness of this 
: — Methods Stud i Pactes Vir method One finds in this book a discussion of the 
: ane P 4 Function Test and ‘ eter and a critical analysis of its value which 
\ i ti na Se et she e read bw evervbody interested in the treat 
Sine hvsica would usually not rent f patients with bulbar poliomyelitis One 
ened with the stud acterial also find the instrument of Wood whic! 
le ie extremel nteresting to read es an absolute recording of arterial oxygen sat 
‘ ethod sed stud pat larly t ration Other methods of oxvgen determination 


liscussed 


t : l impression from this k of the extreme \part from the oxygen saturation, a very imper 
serine the methods used u rolog tant property to be measured is the blood oxygen 
mais Puln ag Functios ension, and again different methods are exhaustively 
’ extreme importance to the leseribed and discussed 


! atrist er the able direction of , t should he obvious from this that the value 


uper review has hee produced The this k goes far bevond the simple processes of 

teristics of different types of mouthpieces and measurement of pulmonary ventilation. The latter 

aut the tech ronchial int of this section of the book is devoted to meas 

et ed Different valves ed urements of respiratory capacity, maximum breath 
experiments are discussed ne capacity, and imstantaneous air flow 


\ particularly important chapter is the chapter on 
r A This chapter con 


the Measurement of Alveol 
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, : tains mments from laboratories other than those 


Ne These are an 


responsible for the rigimal arti 
addition 


alualle 


t wa ‘ e ther liscussed The third section of the book is deve ted t the 

‘ teals with the pncumotach \ssa Hormone Secretion. Many of the Hormone 

the insta: bvaluations are not of immediate application to the 

. m the lungs. Obviously held physical medicine, but the reader will find 

4 ly ed ¢ ’ neasure i extensive analysis of the methe Is of assay ot 
eis aA the ches analysis adrenocorticotrophic hormones and different methods 
adie ifferent methods of samy “ h are related to the presently so important 17 


s again extremely valuable as an orien 


nen al and a tathon im research methods For the research work 
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‘ re thern ! t 1 ga and methods f an allied field, the value of these books 
mMeasurenne the refractive index, and particu annot be overestimated. It should be in the library 
the s a ! every research worker, and every specialist 

la g ONVER et : epends t para physical medicine who expects to apply the methods 
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\NNUAL REVIEW OF PHYSIOLOGY. Vol 
ume XIT. By I + F Hall, Editor, Stanford Uni 
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Hazards of Intense Sound and Ultrasound. Hal- 
lowell Davis; Horace O. Parrack, and Donald 
H. Eldredge 
Ann OM Rhin. & Laryne. $8:732 (Sept.) 1949 
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Flexor Tendon Injuries of the Hand, Albert T 
Hays 
Minnesota Med. 32:1199 (Dec) 1949 
ns ot the hands are common injuries 


st frequent household injuries and 


the common industnal imjuries The more 
er ones must be recognized at the tume of the 
injury in order that the proper treatment may be 
started 

The splint is removed at the end of three weeks 
und hot soaks of the hand begun with guarded 
active movements The splint is reapplied at 
\t the end of four weeks, active physical 

begun with whirlpool, massage, active 


night 
therapy 


and passive movements and muscle traming 


The Influence of “Red Light” and of “Ionization” 
Upon the Penetration of the Skin by Penicifin. 
Morris Cutner. 

Phys. Med. 12:144 (Now -Dec.) 1949 


is paper the term “ionization” is used to 


denote the appleation of penicillin by means of 
a pad soaked in a solution of penicillin in doubly 
listilled stenle water, through which a galvank 
current is apphed, as iontophoresis with 
yank ibstances “red heht"” is meant the 
luminous and short infrared ravs obtained by fil 


tering radiant heat filtered through ruby red glass 
The patient presented a typical paronychia 
tender and painful, also an axillary ade 
was of great importance and it was 

an incision should be avoided if at 
Penicillin injections were absolutely 


llen 


refused 
The finwer was therefore exposed to “red light” 
thirty minutes, and the paronychial area was 
en subjected to anodal ionization with a penicil 
lin sel (15,000 units per millilitre) under 
eptic conditions \ current of 5 milliamperes 
was passed tor thirty minutes 
therefore carried out to de 


factors the red light, 


Investigations were 
termine which of these 
lal walwanism, or the combination of the 
mtiributed to the good result obtamed 


‘ 
the penicillin, or whether any one of them 

really contributory 
Aqueous solutions of penicillin are not capable 
nization by the current m amounts 
sufficient to have any useful effect Penicillin 
not be driven into the skin by means of the 
nic current with the use of pad electrodes 
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IN YOUR OFFICE 


When the stethescope indicates a cardiac abnormality 
take an electrocardiogram. 


You can do it easily and quickly in your own office with 
a BURDICK DIRECT-RECORDING  ELECTRO- 
CARDIOGRAPH: no chemicals, no dark room, no ink. 
The record is accurate and permanent, automatically 
marked for timing and for leads. 


The 


DIRECT - RECORDING 
ELECTROCARDIOGRAPH 
c=") See your Burdick dealer, or write us — 


THE BURDICK CORPORATION 


MILTON, WISCONSIN 
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The HANOVIA 


SOLLUX 
RADIANT HEAT LAMP 


MODEL 5-105 


This high standard equipment, an essential in dis- 
pensing effective heat therapy, offers these important 
construction and operational features: 

Terraced Hood No Hot Spots $00 Watt Bulb or 
600 Watt Element Hood Adjustable To Any Desired 
Position Caster-Mounted For Free Movement Con- 
structed For Long, Hard Usage. 

Request complete information NOW 
Address Dept. 306-F 


HANOVIA CHEMICAL & MFG. CO. 
Newark 5, New Jersey 


fares f uilra et equipment 


Madera] I 
rr ton 


Currents: straight galvanic; pulsating galvanic, foradizing (60 
cycles), surging sinusoidal slow and fast (12 ond 24 surges per 


minute 
Price with one pair of pads $136.00 


A complete ronge of Teca low volt generators available for every 
purpose, from $65 to $1380 


write for detailed information of demonstration to 


T E Cc A CORPORATION 3 «© 220 West 42nd Street 


New York 18. N.Y 


| 
a modern “wallplate” 
IECA SP! 
= portable « reliable durable compact 


THE L-F MODEL 
SW-227 


Diathemy 


INVESTIGATE the dia- 
thermy unit preferred by 
most doctors and hospitals! 
Send the coupon below for 
detailed literature. 


Applicators 
Interchangeable 


Liebel-Fiarsheim Co. 

Cincinnati 2, Ohie 

Gentlemen: Please send, withow obligation, your latest 
luerature describing the SW.227 Diathermy. 

NAME 


ADDRESS, 


CITY -STATE 


THE EASE 


Of Sinus Treatment 


is exemplified with the Hogan Brevatherm and the Treatmaster 
The sanitary aspect is greatly preferable to the unwholesome 


sinus masks of yester year 


With this apparatus you can apply short wave diathermy effec 


tively with a great saving of time over other methods 


With this apparatus you are prepared to give your patients the 
best that diathermy offers Ml this with the sturdy construction 


Treatment of Sinmuses with Short and quality that characterize McIntosh lifetime service. Cost is 
Wave Diathermy using Hogan 

Brevatherm No. 9000 with Stand but moderate 
and Treatmaster Watch this 

space for other techniques 


Gentlemen 
ype Li t o 
F. ¢. T Approval No. D-524 Brevatherm 
| now have a 
short wave diathermy years old 


Please have representative call 
L) 69th Edition Catalogue, please 


McINTOSH ELECTRICAL CORP. SIGNED 


71st Anniversary, Feb. 4, 1950 ADDRESS 
cITy 


227 N. Calif. Ave. — Chicago 12, Ill. ZONE STATE 
A 


PERFORMANCE... 
wi 
| | | 
V 
if 
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The Golseth-Fizzell Model DS 
CONSTANT CURRENT IMPULSE 
STIMULATOR 


A portable. scientifically designed stimu 
lator which provides physical therapy and 
the following diagnostic and prognosti 
aids 


Galvanic tetanus ratio — rheobase and 
chronaxis measurements — strength dur 
ation curves — and repetitive stimuli 
tests. An electronic circuit automatically 
produces pre-set galvanic stimuli, adjust 
able in strength from 0 to 25 ma. and in 
duration from | ms. to |!) seconds 


rifle f 


CHICAGO MEDICAL ELECTRONICS LAB., INC. 


Chicago Ill 


6425 N. Avondale 


Georgia Warm Springs Foundation 
GRADUATE COURSE 


Physical Therapy and Occupational Therapy 
in the Care of Poliomyelitis 


Thies course is open to graduates of approved 
schools in physical therapy and occupational ther 
apy. Such gredustes must be members of the 
American Physical Therapy Association and /or 
the American Registry of ragmes Therapy Tech 
nicians, and Occupetional herapy Association 

Tuition: None. For Scholarship to Cover Trans 
sortation and Maintenance ontact, National 
for Infantile Paralysis, Broadway 
New York 5, New York 

Eatrance Dates: First Monday in January, April, 
luly and October 

Duration of Course: The Course is divided into 
two parte 

Part |. Over-all care of convalescent polio 
with perticular emphasis and special training 
in muscle testing end muscle reeducation 
Part U. Particular emphasis and special 

training im functional testing and functional 

retraining 

Each Part lasts three months and only selected 
students who heave completed Part 1 will be od 
mitted to Part Hl. All students applying for Part |! 
must be willing to remain through Part Il if 
selected 


For Information Write : 


ROBERT L. BENNETT, MLD. 
Georgia Warm Springs Foundation 
WARM SPRINGS, GEORGIA 


New York University 
Post-Graduate Medical School 


(A Unit of the New York University bellevue Medical 
Center) 


Department of Physical Medicine and 
Rehabilitation 


PHYSICAL MEDICINE AND REHABILITATION 


12 of 24 weeks Beginning September |i. 1950 


NINE MONTHS FULL TIME 


Fer application and information about this course 
address. Office of the Dean Post Graduate Medical 
School. 477 First Avenue. New York 16. N.Y 


ANNUAL MEETING 


AMERICAN CONGRESS 
OF PHYSICAL MEDICINE 


Aug. 28, 29, 30, 31, Sept. 1, 1950 
HOTEL STATLER, BOSTON 


Piease reserve accommodations as checked (Vv) below 


State 


ested otherwise, we will hold your 
eservat nu! 6 pm. of the day of your arrival 


Hour 


Hour 


Room and Bath 4s 6s 

For One — Per Day 600 7.00 

Soe 500 

10.00 

Double Bed Room 1050 

with Bath ase sv 
for Twe Per Day 75 

Tein Bed Room 10.00 15.00 

with Bath 16.00 

for Two Per Day 


More Thae Twe Persons in One Room 
for each additional person in Double or Twin- 
Bed Reem the extra charge is $2.50 per day 


SUITE — Living Reem, Bed Room and Bath 
One 00, 2) 50 23.00 
For Two 20.00, 2: 00 22.00 24.38. 24.00 


room af the rate requested is 
one at the eearest available rate will be reserved 


— 
a 
— } 
Name 
(Please Print 
\ 
City 
AM 
Date Arriving P.M 
AM 
Tate D ting PM 


No doc 


today can afford to be without adequate diathermy equipment. 


i 


BUT he sure before vou buy that you're not inviting TV trouble 


FCC approval does net @uarantee freedom from interference Buy 


MICROTHERM< and play sate 


MICROTHERM Radar Diathermy employs frequencies way above the 


television wave range. There's no interference 


Ask your dealer to give you a demonstration of the modern 
Raytheon Microtherm, or write for Bulletin DL- MED60!. 


Micnrolhoarm RADAR DIATHERMY MEANS: 


for deep heating desirable relationship between 


perature, ¢ utaneous and muscle temperature 


of active hyperemia precise application over 


no tuning no clectrodes no pads, no shock or 


etween patient and directors 


RAYTHEON MANUFACTURING COMPANY 


POWER TUBE DIVISION 
WALTHAM 54, MASSACHUSETTS Excellence in Electiontes 


afi: 
DOCTOR 
wei ATs 70 4 
= 
an a= | 
| 


control assures proper 
1e unit. Power output is 


AMERICAN MEDICAL ASSOCIATION COUNCIL ON PHYSICAL 
MEDICINE 
UNDERWRITERS’ LABORATORY APPROVAL NO. £-6801 
CANADIAN STANDARDS ASSOCIATION a 
CANADIAN DEPARTMENT OF TRANSPORT NO.6 


Treatment of all body contours, both concave and convex, 
is now possible, usually with one placement of the drum 
head. The two wing drums swing 180 degrees, permitting 
uniform large-area treatment of complex anatomical parts 
Energy absorbed per square inch is reduced... total heat 
dosage penetrates the deeper tissues without excessive heat- 


ing of outer skin surfaces. Notice the ease with which the new 
TRIPLE INDUCTION DRUM 
TWO YEAR GUARANTEE includes tubes. Free re- conforms to complex body surfaces. 


placement or repair within a two-year period. 


WRITE FOR FREE ILLUSTRATED BROCHURE 
ABOUT THE BANDMASTER AND THE NEW 
TRIPLE INDUCTION DRUM. 


LOS ANGELES 32, CALIF. 


\g / 
BANDMASTER_. 
RT WAVE /DIATHERM WI THE NEW 
| - RIPLE INDUCTION DRUM 
- | . 
" The Bdndmaster Short Wave Diatherm combjned with the new 
Tripfe Induction Dryfm provides better diaghermy application. 
’ n¢ Triple Inductigh Drum attords a method for applying the 
large area techniywhich is being recognifed as the outstanding ; 
advantage of sHort wave diathermy ov other methods of pro- 
‘ ducing hgaf in deep tissue. Crystal 
frequeaty stability for the life of 
a € than adequate for all appligdtions. Deep heat can be gen- 
erated in all anatomical parts with accuracy of treatment. 
THE BANDMASTER IS APP ACCEPTED BY THE FOLLOWING: 
4 
THE BIRTCHER CORPORATION® 


